The present study was carried out at the Experimental Station Farm, Faculty of Agriculture, Mansoura University, Dakahlya Governorate, during the two successive seasons of 2011 and 2012 to determine general, specific combining abilities and heterosis for grain yield and yield associated traits by crossing 6 inbred lines of maize in a half diallel mating design. Fifteen F1 single crosses with their parents were planted in a randomized complete block design with three replicates.
INTRODUCTION
In Egypt, maize (Zea mays L.) is an important cereal crop and it ranks third position after wheat and rice. Maize plays a significant role in human and livestock nutrition world-wide. Moreover, it confirms the basis of several industries such as; starch, cooking oil and main of animal food. The five main producers in the world are: the United States of America (USA), China, Brazil, India and Mexico. The USA is the major producer of maize in the world, with just below a quarter of the world's production. In Egypt, the annual production of maize is 41.825 million ardab from 1.75 million feddan, viz. a mean yield of only 23.9 ard/fad. (FAO, 2010) . There is a critical need to increase the production of maize to face the gab between production and consumption. Exploitation of hybrid vigor and selection of parents based on combining ability has been used as an important breeding approach in crop improvement (Uddin et.al. 2006) . Developing of high yielding F1s along with other favorable traits is receiving considerable attention. For developing desirable hybrids, information about combining ability of the parents and the resulting crosses is essential. The variances of general and specific combining ability are related to the type of gene action involved. Variance for GCA includes additive portion while that of SCA includes non-additive portion of total variance arising largely from dominance and epistatic deviations (Rojas and Sprague, 1952) . Diallel crosses have been widely used in genetic research to investigate the inheritance of important traits among a set of genotypes. These were devised, specifically, to investigate the combining ability of the parental lines for the purpose of identification of superior parents for use in hybrid development programs. Heterosis can be defined as the increased performance of offspring compared with their respective parents. That is, progeny resulting from hybridization are superior to either of their two parents. (Shull 1908) first described this phenomenon after observing the stimulation of heterozygosity upon cell division, growth, and other physiological characters in maize. Therefore, the objective of this study is meant to estimate general, specific combining abilities and heterosis among six inbred lines and their F1s crosses.
MATERIALS AND METHODS

Plant materials and field experiments:
Six inbred lines of maize viz. P1 (Sd.63), P2 (Sd.7), P3 (Inb.19), P4 (Inb.173), P5 (Inb.174) and P6 (Inb.170) obtained from Field Crop Research Institute (FCRI), Agriculture Research Center (ARC), Ministry of Agriculture and Land Reclamation, Egypt were crossed according to a half diallel crosses mating design during summer season of 2011 in Farm of the Agronomy Department, Faculty of Agriculture, Mansoura University. During summer season 2012, the 15 F1s and along with their six parents were grown following Randomized Complete Block Design with three replications in the same farm. Each plot area was 6.3 m 2 , which consisted of 3 ridges, each of 3 m in length and 70 cm in width. The distance between hills was 25 cm. Calcium super phosphate (15.5 % P2O5) was incorporated in the soil during the tillage operation at a rate of 150 kg/fed. Nitrogen fertilizer in the form of Urea (46 % N) was added at the rate of 120 kg N/fed in two equal doses, the first was after thinning and before the first irrigation, and the second before the second irrigation. The first irrigation was applied after 21 days from planting and then at 15 days intervals during the growing seasons. Weeds were controlled by using manual method before irrigation. Other agricultural practices were carried out as recommended by Ministry of Agriculture and Land Reclamation. Samples of ten guarded plants were taken at random from middle ridge of each plot to determine the quantitative and qualitative characters. Studied traits: Number of days to 50% tasseling and silking (days), plant height (cm), number of rows/ear, number of grains/row, 100-grain weight (g), grain yield/plant (g) and shelling percentage (%). Statistical analysis: The obtained data were statistically analyzed for analysis of variance by using computer statistical program MSTAT-C. The 15 single crosses comprise a half diallel between 6 inbred lines. Data of all 21 genotype were statistically analyzed, as the technique of analysis of variance (ANOVA) procedures of the used (randomized complete block) design, as mentioned by Gomez and Gomez (1984) . The sum of squares of crosses was partitioned to general and specific combining ability following method 4 model 1 (fixed effects) of (Griffing 1956 ). Heterosis as proposed by Mather and Jinks (1982) was determined for individual crosses as the percentage deviation of F1 means from mid-parents means (MP) and better parent (BP). Table 1 analysis of variance for combining ability reveled that mean squares of crosses were highly significant for all studied traits, indicating wide range of genetic variability among the studied crosses and this is primary requirement for further computation. Both GCA and SCA variances were highly significant for all the studied characters, indicating the importance of additive as well as nonadditive type of gene action in controlling the traits. General combining ability/specific combining ability (GCA/SCA) variance ratios were found to be greater than unity for 4 traits i.e. number of days to 50% tasseling and silking, plant height and 100-grain weight, indicating that the additive and additive×additive types of gene action were greater importance in the inheritance of these 4 traits. It is therefore could be conducted that the presence of large amounts of additive effects suggests the potentiality for obtaining further to improve these 4 traits. On the other hand, GCA/SCA variances ratios were found to be lower than unity for other remaining traits, indicating the performance of non-additive genetic variance in the inheritance of these traits, therefore selection procedure in late or advanced generations will be very important to improve these traits. Similar results were reported by Alam et al. (2008) , Barakat and Osman (2008) and Sultan et al. (2011) . Table 2 estimates of GCA effects showed that, the parents P4 (Inb.173) and P5 (Inb.174) were found to be good general combiners for earliness traits (number of days to 50% tasseling and silking), where they showed negative and highly significant GCA effects for these traits. With respect to plant height, inbred parents P1 (Sd63), P3 (Inb.19), P4 (Inb.173) and P5 (Inb.174) showed negative and highly significant GCA effects, indicating that these inbred parents were good general combiners for short stature. Concerning number of rows/ear, the inbred parents P1 (Sd63), P3 (Inb.19) and P4 (Inb.173) showed positive highly significant GCA effects, indicating that these inbred parents are the best general combiners for increasing number of rows/ear. With respect to number of grains/row, the inbred parents P1 (Sd63), P2 (Sd7) and P5 (Inb.174) showed positive highly significant GCA effects, indicating that these inbred parents are the best general combiners for increasing number of grains/row. In connection with 100-grain weight, P1 (Sd63) was found to be good general combiner for this trait. The best general combiners for grain yield/plant were P1 (Sd63) and P2 (Sd7), indicating that these inbred parents could be considered as good combiners for improving this trait. P2 (Sd7) and P6 (Inb.170) recorded positive highly significant GCA effects for shelling percentage, indicating that these inbred parents are the best general combiners for increasing this trait. The obtained results completely agreed with the points of view which were reported by Choukan ( Table 3 Significant or highly significant negative SCA effects were found in earliness traits for some crosses. Based on SCA effects, it could be concluded that crosses i.e. P2×P5, P3×P6 showed highly significant or significant negative SCA effects for number of days to 50% tasseling and crosses P1 × P2, P1 × P6, P2 × P5 and P3 × P4 for number of days to 50% silking, indicating that these crosses are the best combinations for improving earliness traits. For plant height, crosses i.e. P1×P3, P1×P5, P2×P3, P2×P6, P4×P5 and P4×P6 showed negative and highly significant SCA effects for this trait, indicating that these crosses are the best combinations for improving shortness stature trait. P1×P2, P1×P4, P2×P3, P3×P4, P4×P5 and P5×P6 showed highly significant and positive SCA effects for number of rows/ear. For number of grains/row, results showed that all crosses recorded positive significant or highly significant SCA effects, except crosses i.e. P1×P3, P1×P5, P2×P6, P3×P6 and P4×P5. Crosses i.e. P1×P2, P1×P4, P1×P5, P2×P3, P2×P6, P4×P5, P4×P6 and P5×P6 showed positive highly significant SCA effects for 100grain weight, indicating that these crosses are the best combinations for improving the weight of 100-grain. According to grain yield/plant, P1×P2, P1×P4, P2×P3, P2×P5, P3×P5, P3×P6, P4×P5, P4×P6 and P5×P6 recorded positive and highly significant SCA effects, indicating that these crosses are the best combinations for improving grain yield/plant. P1×P3, P1×P4, P2×P3, P2×P4, P3×P4 and P5×P6 showed significant and positive SCA effects for shelling percentage. This means that, all of these crosses could be selected and used in breeding programs for improving all of these traits. These results are in confidence with those of Uddin et al. (2006) , Alam et al. (2008) , Barakat and Osman (2008) and Abdel- Moneam et al. (2009) . 0.018 --0.018 --0.006 --0.124 --S.E (Sij-Skl) *,** significant at 0.05 and 0.01 level of probability, respectively S.E (Sij): Standard error for an SCA effect. S.E (Sij-Sik): Standard error for the difference between two SCA effects for a common parent. S.E (Sij-Skl): Standard error for the difference between two SCA effects for a non-common parent.
RESULTS AND DISCUSSION
Analysis of variance: As shown in
General combining ability effects (gi): As shown in
Specific combining ability effects (Sij): As shown in
4-Estimates of heterossis:
Data presented in table 4 revealed that the most of cross combinations manifested negative highly significant or significant heterosis over mid and better parents for number of days to 50% tasseling and silking. The highest negative heterosis effect for days to tasseling was exhibited by cross P3×P6 (-9.73 and -8.93%) over mid and better parents, respectively and for days to silking were P2×P3 (-11.48%) over mid-parents and P2×P3 or P3×P6 (-10.00%) over better-parent. According to plant height, none of the cross combinations showed negative heterosis over mid and better parents. The highest positive significant heterosis effect was recorded by cross P1×P6 (78.31%) over mid-parents and cross P1×P2 (100.55%) over better-parent. The highest positive heterosis effect for number of rows/ear was P1×P4 (40.65 and 32.39%) over mid and better parents. Results showed that P1×P2 recorded the highest positive significant heterosis in number of grains/row and 100-grain weight over mid and better parents. The corresponding data were (188.46 and 174.79%) and (64.75 and 62.62%), respectively. The highest positive heterosis effect for for grain yield/plant was P1×P2 (359.62 and 341.06%) over mid and better parents and for shelling percentage was P5×P6 (5.72 and 5.59%) over mid and better parents, respectively. These results are in confidence with those of Alvi et al. (2003) , El-Gazzar (2004) , Katta et al. (2007) , Amiruzzaman et al. (2010) , Patel et al. (2010) and Amanullah et al. (2011) . 13.92 ** 24.27 ** 66.05 ** 42.29 ** -8.33 ** -9.09 ** -7.14 ** -8.77 ** P1×P3 32.39 ** 40.65 ** 77.38 ** 74.72 ** -1.82 -6.90 * 0.00 -6.42 * P1×P4 -11.93 ** 2.75 78.97 ** 50.62 ** 6.00 ** -4.50 6.38 ** -4.76 P1×P5
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